1.. Introduction {#S0001}
================

Childhood cancer is rare among the childhood diseases. The prevalence of childhood cancer is on the increase and seriously threatens the health of children \[[1](#CIT0001)\]. Leukemia accounts for over one-third of childhood cancer under 15 years old. There are two main types of childhood leukemia, acute lymphocytic leukemia (ALL) and acute myeloid leukemia (AML). AML is not very common, accounting for about 17% of childhood leukemia \[[2](#CIT0002)\]. Its etiology and pathogenesis remain unknown, which may be linked to genetic factors and environmental factors including infection, radiation, and living conditions \[[3](#CIT0003)\]. Impressive advancements in childhood leukemia treatment entail cure rates reaching 90% for ALL and 60--70% for AML \[[4](#CIT0004),[5](#CIT0005)\]. As a result of improved cancer treatments, there has been a dramatic increase in the number of young survivors who are living well into adulthood, but many children have long-term complications because of radiotherapy and chemotherapy. The long-term complications include obesity, metabolic syndrome, impaired glucose tolerance, and insulin resistance, which are the risk factors for cardiovascular disease \[[6](#CIT0006),[7](#CIT0007)\]. Long-term and late-appearing secondary effects include impaired neurocognitive development, mental health, endocrine system function, and general health \[[8](#CIT0008)\], which not only affects children's health but also imposes a heavy financial burden on families and society. Thus, primary prevention plays an important role in childhood leukemia.

Breast milk also can be effective for preventing many diseases such as diabetes, cardiovascular diseases, obesity, and even cancer \[[9](#CIT0009)\]. Breastfeeding has been shown to decrease the risk of gastrointestinal infections. Any volume of breast milk is protective, associated with a 64% reduction in the incidence of nonspecific gastrointestinal infections \[[10](#CIT0010)\]. The duration of lactation is inversely related to the risk of overweight; each extra month of breastfeeding is associated with a 4% decrease in risk \[[11](#CIT0011)\]. Those not breastfed at discharge had a 33% higher risk of developing diabetes within the first 20 years of life \[[12](#CIT0012)\]. Breastfeeding is not only beneficial for children but also good for mothers \[[13](#CIT0013)\]. It can reduce the risk of breast cancer, ovarian cancer, and osteoporosis for mothers. However, the relationship between breastfeeding and childhood leukemia is elusive. Several studies reported no association between breastfeeding and ALL \[[14](#CIT0014),[15](#CIT0015)\]. A meta-analysis indicated that promoting breastfeeding for 6 months or more might help lower the prevalence of childhood leukemia, in addition to its other health benefits for children and mothers \[[16](#CIT0016)\]. But these data were inadequate, and there is a lack of research among the 1.4 billon people in the P. R. of China. Given the conflicting findings within the existing literature, the exact impact of breastfeeding on childhood leukemia remains unclear. Therefore, the purpose of this study was to investigate whether breastfeeding had a protective effect against childhood leukemia in the P. R. of China, while looking for the best period of time for breastfeeding infants.

2.. Subjects and methods {#S0002}
========================

2.1.. Patients {#S0002-S2001}
--------------

We conducted a case-control study from March 2008 to April 2017 at the Children's Hospital of Zhejiang University, Zhejiang province, P. R. of China. The case group enrolled 958 children (580 boys, 378 girls) who had been diagnosed with childhood leukemia, and the control group contained 785 healthy children (449 boys, 336 girls) within the period of the study. All subjects volunteered to participate in the study, and ethical approval was given by the medical ethics committee of the Children's Hospital of Zhejiang University. The screening process is shown in [Figure 1](#F0001).10.1080/19932820.2018.1508273-F0001Figure 1.Enrollment and analysis.

The following demographic characteristics and clinical factors were obtained from medical records: age, sex, family address, maternal age, delivery, mother's education, maternal marital status, family history of malignant tumors, family history of neoplasm of the lymphatic/hematopoietic systems, history of housing decoration, smoking history during pregnancy, history of using birth control pills before pregnancy, abortion history, abortion times, Down's syndrome, duration of breastfeeding, breastfeeding pattern, parents use of hair dye, and birth weight. If the medical records were incomplete, we called the mothers of children by phone to complete the data.

2.2.. Inclusion and exclusion criteria {#S0002-S2002}
--------------------------------------

Inclusion criteria for cases contained (1) children aged 0--14 years old; (2) children who had been diagnosed childhood leukemia; (3) children who lived in Zhejiang province, P. R. China; and (4) the mother who remembered the time of breastfeeding exactly.

Exclusion criteria for cases included (1) a second primary tumor, (2) no answer or no connection, (3) death before the interview date, (4) biological mother unavailable for an interview (child adopted, mother deceased), and (5) children who did not agree to participate in the study.

Inclusion criteria for healthy group contained (1) children aged 0--14 years old; (2) children who lived in Zhejiang province, P. R. China; (3) children's parents volunteered to participate in this study; (4) healthy children without prior history of cancer; and (5) the mother who remembered the time of breastfeeding exactly.

Exclusion criteria for healthy group included (1) no answer or no connection, (2) biological mother unavailable for an interview (child adopted, mother deceased), and (3) children who did not agree to participate in the study.

2.3.. Statistical analysis {#S0002-S2003}
--------------------------

-All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) Version 17.0 (SPSS, Chicago, USA). Data were expressed as mean and standard deviation or frequency and percentage. The differences between two independent groups were compared by using Student's *t*-test for continuous variables. A chi-square (*χ*^2^) test was used for categorical variables. Multivariable logistic regression analysis was used to evaluate risk factors for childhood leukemia. Odds ratios (ORs) and 95% confidence intervals (CIs) are presented. A two-sided *p* value \<0.05 was considered statistically significant for all analyses.

3.. Results {#S0003}
===========

3.1.. Demographic characteristics {#S0003-S2001}
---------------------------------

The demographic characteristics of cases and controls were generally similar, with some exceptions ([Table 1](#T0001)). The mean age was 7.72 ± 3.77 years in the case group, and the mean age of the control group was 7.96 ± 3.71 years. Case group and control group members had a similar mean age (*t* = −1.307, *p* = 0.191) and an identical distributions by gender (*χ*^2^ = 1.997, *p* = 0.158). Case group and control group members did not differ by the type of delivery (*χ*^2^ = 0.249, *p* = 0.618), maternal marital status (*χ*^2^ = 4.756, *p* = 0.190), and birth weight (*t* = 2.018, *p* = 0.063). However, in present study, the case group members were significantly different compared to the control group in the maternal age (*χ*^2^ = 22.716, *p* \< 0.001). Mothers of case group members had a higher number of abortions (*t* = 2.001, *p* = 0.046) than in the control group. Control group mothers were more likely to have a college/university education (*χ*^2^ = 286.86, *p* \< 0.001). Children with leukemia were mainly from Hangzhou city of Zhejiang province (29.4%).10.1080/19932820.2018.1508273-T0001Table 1.Sociodemographic characteristics.CharacteristicsPatientsControlsOR95% CI*p*-ValueGender     Female378 (39.5)336 (42.8)0.9920.824--1.0320.158Male580 (60.5)449 (52.2)1.0580.978--1.2460.158Mothers' education     No education4 (0.4)3 (0.4)4.6670.961--23.7850.064Primary school112 (11.7)18 (2.3)21.7789.669--49.051\<0.0001Secondary school323 (33.8)73 (9.3)15.5347.792--30.970\<0.0001High school182 (19)165 (21.0)3.8611.965--7.548\<0.0001University324 (33.8)484 (61.7)2.3431.215--4.5190.011Postgraduate12 (1.3)42 (5.4)1  Mother marriage    0.145Married917 (95.7)762 (97.1)   Divorce41 (4.3)23 (2.9)   Maternal age     Less than 25 years old224 (23.4)154 (19.6)2.8361.593--5.050\<0.000125--29 years old561 (58.6)504 (64.2)2.1711.249--3.7710.00630--34 years old153 (16.0)88 (11.2)3.3901.862--6.174\<0.0001More than 35 years old20 (2.0)39 (5.0)1  Delivery     Natural birth493 (51.5)406 (51.7)0.9950.908--1.0900.914Cesarean delivery465 (48.5)379 (48.3)1.0050.912--1.1080.914Birth weight     \<3000131 (13.7)130 (16.6)0.8260.994--1.0770.093≥3000827 (86.3)655 (83.4)1.0530.660--1.0330.093[^1]

3.2.. Environmental factors {#S0003-S2002}
---------------------------

In multivariable logistic regression analysis, smoking during pregnancy (OR: 3.551, 95% CI: 1.051--12.416, *p* = 0.034), a history of using birth control pills before pregnancy (OR: 1.795, 95% CI: 1.081--2.982, *p* = 0.022), and parents use of hair dye during breastfeeding (OR: 13.556, 95% CI: 1.112--165.206, *p* = 0.041) were significant risk factors associated with childhood leukemia ([Table 2](#T0002)).10.1080/19932820.2018.1508273-T0002Table 2.Risk factors for childhood leukemia.CharacteristicsPatientsControlsOR95% CI*p*-ValueThe family history of cancerNo867 (90.5)767 (97.7)0.9260.905--0.948\<0.0001Yes91 (9.5)18 (2.3)4.4132.521--6.808\<0.0001The family history of neoplasm of the lymphatic/hematopoietic systemsNo930 (97.1)782 (99.6)0.9470.963--0.986\<0.0001Yes28 (2.9)3 (0.4)0.9472.334--25.062\<0.0001History of bedroom decorationNo567 (59.2)490 (62.4)0.9480.879--1.0230.169Yes391 (40.8)295 (37.6)1.0860.965--1.2220.169Smoking during pregnancyNo945 (98.6)782 (99.6)0.9900.982--0.9990.034Yes13 (1.4)3 (0.4)3.5511.051--12.4160.034The history of using birth control pills before pregnancyNo912 (95.2)764 (97.3)0.9780.960--0.9960.022Yes46 (4.8)21 (2.7)1.7951.081--2.9820.022Abortion historyNo703 (73.4)629 (80.1)0.9160.870--0.9640.001Yes255 (26.6)156 (19.9)1.3391.124--1.5690.001Down's syndromeNo937 (97.8)785 (99.7)0.9810.971--0.991\<0.0001Yes21 (2.2)2 (0.3)8.6402.024--36.581\<0.0001Parents use of hair dyeNo826 (86.2)728 (92.7)0.2520.54--1.1710.0793 months before pregnancy62 (6.5)54 (6.9)0.2550.53--1.2330.089During pregnancy9 (0.9)2 (0.3)1  During breastfeeding61 (6.4)1 (0.1)13.5561.112--125.2060.041BreastfeedingEver breastfed695 (72.5)756 (96.3)0.7530.723--0.785\<0.0001Never breastfed263 (27.5)29 (3.7)7.4315.124--10.777\<0.0001Breastfeeding period0 month263 (27.5)29 (3.7)8.0234.620--13.930\<0.00011--3 months102 (10.6)87 (11.1)1.0370.636--1.6910.8844--6 months158 (16.5)186 (23.7)0.7510.479--1.1780.2137--9 months135 (14.1)240 (30.6)0.4980.318--0.7800.00210--12 months248 (25.9)197 (25.1)1.1140.718--1.7270.631More than 13 months52 (5.4)46 (5.9)1  Breastfeeding patternExclusive breastfeeding489 (51)529 (67.4)1.0190.813--1.2760.872Nonexclusive breast milk feeding206 (21.5)227 (28.9)1  Pure milk powder263 (27.5)29 (3.7)9.9936.518--15.322\<0.0001[^2]

3.3.. Genetic factors {#S0003-S2003}
---------------------

Compared with the control group, a family history of malignant tumors (OR: 4.143, 95% CI: 2.521--6.808, *p* \< 0.0001), a family history of neoplasm of the lymphatic/hematopoietic systems (OR: 7.648, 95% CI: 2.334--25.062, *p* \< 0.0001), and Down's syndrome (OR: 8.604, 95% CI: 2.024--36.581, *p* \< 0.0001) were significant risk factors associated with childhood leukemia ([Table 2](#T0002)).

3.4.. Breastfeeding {#S0003-S2004}
-------------------

The results indicated that ever breastfed (OR: 7.431, 95% CI: 5.124--10.777, *p* \< 0.0001) was significant difference compared to never breastfed. Breastfeeding period of 7--9 months (OR: 0.498, 95% CI: 0.318--0.780, *p* = 0.002) was significantly different in the case group and the control group. There were no differences in breastfeeding period of 1--3 months (OR: 1.037, 95% CI: 0.636--1.691, *p* = 0.884), breastfeeding period of 4--6 months (OR: 0.751, 95% CI: 0.479--1.178, *p* = 0.231), and 10--12 months (OR: 1.114, 95% CI: 0.718--1.727, *p* = 0.631) in the two groups. Pure milk powder might increase the incidence of leukemia, while exclusive breastfeeding could reduce the risk of childhood leukemia. The detail results were shown in [Table 2](#T0002).

4.. Discussion {#S0004}
==============

To our knowledge, this study was the first to demonstrate that breastfeeding had protective effect against childhood leukemia in the P. R. of China. In the present study, we have demonstrated that children who were ever breastfed (*p* \< 0.0001) had a lower risk of childhood leukemia. In the case group, the breastfeeding period was shorter than in the control group. Furthermore, we confirmed that the 7--9-month duration of breastfeeding had a protective effect against leukemia. These results indicated that breastfeeding was found to be closely associated with the childhood leukemia. In the context of these findings, our results strongly suggested that the barrier protective effects of breastfeeding could be used to open a new strategy for preventing the development of childhood leukemia.

Today, the exact etiology of childhood leukemia and the protective effect of breastfeeding against cancer are still elusive. A population-based case-control study from Israel suggested that breastfeeding had a significant influence in reducing the risk of leukemia (OR: 0.36, 95% CI: 0.21--0.60, *p* \< 0.001) \[[17](#CIT0017)\]. Another case-control study suggested that there was no significant difference between the patient and control groups (*p* = 0.641) \[[18](#CIT0018)\]. However, in our study, we indicated that 7--9 months duration of breastfeeding was better for infants. Breastfeeding too long did not reduce the risk of leukemia, which might be related to differences in nutrient components with lactation time. Protein, lactose, mineral content, and breast milk density decreased with the increase of lactation time. The fat content of mature milk is relatively high, which is not a benefit for infants. Chinese social and cultural background are different from other societies, and there is a different perception of breastfeeding, which could lead to differences in breastfeeding time. The result might also due to the rapid development of the Chinese economy. With the development of the economy and changes in society in the past few years in China, more and more women are joining the workforce and becoming the backbone of their work place. Another reason was that the differences of culture and understanding of breastfeeding might also affect the breastfeeding time. For all the above reasons, the best breastfeeding time for infants was determined to be 7--9 months in China.

In addition, this study found an association between mothers having a lower education level and an increased risk of leukemia in children, which was also reported by Ashok Kumar et al. \[[19](#CIT0019)\]. Our study indicated that there was no difference between advanced maternal age and risk of childhood leukemia. This could be partly explained by younger age of marriage and pregnancy especially in rural areas in the P. R. of China. A family history of cancer and a family history of neoplasm of the lymphatic/hematopoietic systems were significantly different in the two groups. Therefore, genetic susceptibility was important in terms of childhood leukemia etiology. This parameter can absolutely not be ignored. Children whose mothers had exposure to hair dye during the breastfeeding and smoking during pregnancy (OR: 3.551) were at greater risk of developing leukemia than controls (*p* = 0.041). Another study had reported that children whose mothers dyed their hair during breastfeeding had an increased risk of leukemia \[[20](#CIT0020)\]. This suggests that carcinogens enter the body through breast milk and that an embryo in the uterus might be particularly sensitive to carcinogenic effects. As was reported by Saldivar et al., children whose father had been in contact with carcinogenic materials also had a higher risk of ALL in childhood \[[21](#CIT0021)\].

Due to the developments in society and the economy, currently only 37% of infants under 6 months in low- and middle-income countries are exclusively breastfed, and this figure is even lower in high-income countries \[[22](#CIT0022)\]. The number of children who were given bottled milk powder in the case group (26.3%) was also greater than in the control group (3.7%), which might also affect the prevalence of leukemia. Because of the use of formula, the baby's gut microorganisms are altered, which affects the immune system's response to pathogens \[[23](#CIT0023)--[26](#CIT0026)\]. A great number of natural-killer cells, suggesting a more mature immune system, have been found in breastfed infants than in formula-fed infants \[[27](#CIT0027)\]. In addition, the pH level (hydrogen ion concentration, which can activate pepsin and promote protein digestion and absorption) in the stomach of breastfed children is better for the promotion of the protein-lipid α-lactalbumin, which induces apoptosis like death of tumor cells \[[28](#CIT0028),[29](#CIT0029)\]. Infant formulas cannot mimic the array of protective properties of breast milk, which fits the infant owing to the dyadic connection between a mother and her baby.

In conclusion, the current study shows that the breastfeeding may have a great protective effect against childhood leukemia. Especially, breastfeeding for 7--9 months was found to be better. In the future, we should focus on the mechanism of breastfeeding that reduces childhood leukemia and provide stronger evidence for this conclusion.

The limitation of this research includes (1) this is just a single-center study, and we should focus on multicenter studies in the future; (2) regarding the relation between breastfeeding and childhood leukemia, the presence of confounding factors should be considered in future studies. In the future, more high-quality studies are needed to clarify the biological mechanisms underlying this association between breastfeeding and lower childhood leukemia morbidity.
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[^1]: Categorical variables were expressed as *χ*^2^. *p* \< 0.05 compared with control group. Odds ratios (ORs) and 95% confidence intervals (CIs) are presented.

[^2]: For multivariate analysis, non-conditional logistic regression analysis was applied. *p* \< 0.05 compared with control group. Odds ratios (ORs) and 95% confidence intervals (CIs) are presented.
